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A NEW NITRITE-FORMING ORGANISM. 


N. V. JOSHI, B.A., B.Sc., L. Ag.. 

First Assistant to the Imperial Agrknlhn-al Bacteriologist. 


The follo\nng experiments were begun in the laboratory of the Tniperial 
Agric\iltural Bacteriologist at Pusa with the object of demonstrating to 
students the method of isolation of nitrifying organisms. 

The solutio]! used had the usual ingredients of Omelianski solution, 
calcium carbonate being substituted for magnesiuin carbonate in order to 
avoid any inhibition of nitrification previously noticed in this laboratory.' 
The solution w^as used in its dilute form and liad the following composition 


Ammonium Sulphate , . . . 0*5 gm. 

K,HrO, .. .. .. 0-25 „ 

MgSO, . . . . . . . . 0-1 „ 

NaCI .. .. .. •. Oh „ 

FcSO, .. .. .. Od „ 

Calcium Carbonate . . . . . . lO’O ,, 

Distilled Water .. .. .. 1000 0 c.c. 


Pusa soil TO gram was used as inoculum in 50 c, 


c. of solution. When 


nitrite formation had progressed sufficiently (as tested by napthylamine and 


sulphanilic acid) which took place in about a fortjiiglit, 5 c.c. of the liquid 
was transferred to another flask containing 50 c.c. sterile solution of the same 


composition. When nitrite formation had taken place in the .second flask 
5 c.c. from this was transferred to a third flask. 

After some six similar transfers a thin pellicle dotted with chalky white 
prominences and corresponding to the description of growth of B. Ohgo-cctrbo^ 
philous was seen on the surface of the fluid and was at first thought to be due 
to the presence of this organism; it was found, however, that entirely distinct 
morphological characters excluded this possibility. Microscopic examination 
showed the pellicle to consist of several kinds of bacteria among which was 
an organism which had the appearance of a mass of ramifying threads. 


i HutobinsoQ, G.M, “ Studies in. BacHudological Analysis of Indian Soils, No. 1, 1910-1]. 
Mem. Dept, of Agri., India^ Bact. Ser,, Vol. I, No, 1, 
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An nttompt was niaclo to plate the fluid culture on silicate jelly prepared 
according to Stevens and Temple's^ method and on Beijerinck s agai as des- 
ciil)ed in Erwin Smitlds text-])ook;' A variation was introduced into the 
latter medium by substituting ammonium sulphate for hydrogen ammonium 
sodium phosphate (which is recommended as the best ammonium salt). In our 
experiments no such difference was noticed in the grow’th on the two kinds of 
agar prepared and latterly agar with ammonium sulphate was invariably used. 

In order to increase the size of colonies of nitrifiers it is necessary to add 
some ammonium sulphate solution so as to be absorbed by the solid sub- 
stratum. OmeliaTisld' makes two cavities by cutting out small portions of 
tlic solid medium by moans of a sterile kmfc and adds the solution into these 
cavities. This is inconvenient and tliere is a possibility of some of the solution 
spreading over the solid substratum. In our experiments, therefore, use was 
made of glass rings the top of which protruded over the medium as shown in 
the accompanying figure. The rings were sterilized along wuth the Petri 



Petri -dish with glass rings for plating Nitrifying Organisms. 

dishes, and silicate jelly or ammonium sulphate agar was poured in the plates, 
and, when required, sterile ammonlam sulphate solution was put in the glass 
rings and was slowly absorbed by the medium. 

No organism grew on either of the media for the first ten days or so, 
after which small chalky white colonies w^crc scon (Plate I, Fig. 2). These, 
when examined under the microscope, resembled tlie mass of threads originally 
found. After addition of ammonium sulphate into the glass rings the size of 
the colonies increased up to about 0'5 cm. in diameter. One of the colonies 
was inoculated into 20 c.c. sterile dilute Omelianski solution in a test tube. 
After incubation at 30^0 for about 15 days nitrites were found but no nitrates. 
Microscopic examination showed, besides a mass of ramifying threads, another 
organism with thread-like projections at each extremity, resembling flagella, 


‘ Centr. jUr BaJd. IT, Abt. 21 Ed., p. S4. 

® Erwin Smith, Bacteria in relation to plant diseases,” Vol. I, p. 199, 
3 Omelianski, Centr, fUr BaU. II, Abt. 5 Bd., p. 537. 
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which staiued faintly with carbol fuchsiu alone but quite distinctly by Zett- 
now’s method. This culture was therefore at that time supposed to be impure 
and so an attempt to purify the culture was made by growing the organism 
again from fluid cultures by successive transfers to fresh flasks. After about 
six more transfers an attempt was made to plate on gyp.sum block* and filter- 
paper* pad as recommended by Oraeliauski. On gypsum no colonies grew 
for a long time ; on filter paper, however, small brown colonies began to make 
their appearance in two days’ time and grew rapidly. These colonies cor- 
responded to the description of colonies of nitritedormer given by Oniclianski. 
Microscopic examination, however, revealed the fact that in addition to 
bacteria of different kinds actively motile protozoa had appeared. 

The appearance of protozoa, wdien filter paper was used to grow the 
coloiiie.s of this nitrite-former, is rather strange, especially after so many 
generations of the nitrite culture. The inoculum whicli was used, I'iz., 5 c.c. 
would, however, be sufficient to carry over a few protozoa or cysts at each 
transference. The original solution in flasks used for inoculating Petri 
dishes with filter paper u-as examined for protozoa ; it showed only one or two 
in a hanging drop but not Ling like the large number noticed while examining 
the brown colonies on filter paper. This suggested the possibility of the pro- 
tozoa coming from the filter paper. Control plates however did not sho^v any 
growth of the protozoa. Tresh plates were also made to satisfy ourselves 
that the filter paper was not responsible for the latter. None appeared on 
filter paper with Omelianski solution \vhile large numbers were seen on filter- 
paper incubated with nitrifying culture which they inusi: have accompanied 
all along. The occurrence of protozoa with iritiifying cultures is not a new 
discovery. Beijerinck^ foiuid one kind of amoeba accompanying nitrifiers. 
rJ. Killer^ recently made use of Ojnelianski solution along with other synthetic 
media in order to grow protozoa by inoculating it witJi soil and then increasing 
the nitrifying organisms which v'oukl serve as a food to tlie protozoa. This 
investigator found only a few protozoa in the solution and therefore did not 
consider it a.s a useful medium for the pur])ose. Ills experiments with hay 
infusion, Giltay’.s solution, and Omelianski solution -«vere therefore repeated 
by inoculating these solutions in three flasks with Pusa soil. These were 
not .successful as very fe\v^ protozoa appeared in the solution. Filter paper 


' Omelian.-iId, CctiU. Jiir Bakt. 11, Att. k> Bd., ISDU, p. 

2 Do. Do. Do. Du. 8 Bd., UiOe, p. 78u. 

3 Bcijcniiuk, (Jadr, Jiir B'U.t I, Abt. I'J M., 1S\)U, pp. 2u7-2G7. 
+ KiJ:ur, Cuiir. fur Bukt. 11, Abt. o7 Bd., D)1L}, p. o'Jl 
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pads were now prepared as before by moistening witb distilled water and 
sterilizing them in Petri dishes at 130'^C for half an hour. These were after- 
wards inoculated from three flasks respectively after separate addition of 
the necessary sterile solution to each of them. 

In two or three days’ time similar brown colonies appeared and spread 
over the whole surface of the filter paper pads. Few protozoa w’cre seen in 
solution but quite large numbers \vere noticed on the filter paper. Giltay’s 
solution did not prove as successful as hay infusion and Omelianski solution. 

A. Cunningham and L6hnis\ in a paper published recently, have com- 
municated their observations on protozoa. They also used several media 
for growing protozoa and got good results with Omelianski solution. They 
found large numbers of flagellates and ciliates from serobic cultures of cellulose 
organisms with K„H P0| and Mg NH^ PO^. The use of filter paper pads 
in our experiments also probably increases some cellulose organisms which 
serve as a luhter food for protozoa. This seems to be the probable expla- 
nation of the fact that large numbers appear when filter paper pads are used. 
Be that as it may, the use of fiUer paper with a shallow layer of nutritive solu- 
tion appears to give better facilities for the grow'th of protozoa. 

After sonic time the chalky white colonics also grew on filter paper. On 
gypsum block only clialky white colonies made their appearance after about 
8 days. These on examination showed the ramifying threads accompanied 
by tlic flagellated organism. In order to separate these two kinds, as they 
were then supposed to be, recourse ^vas had to jjasteunsatiou. For this 
purpose some of the colonies on gypsum ^Ye^c emulsified in sterile distilled 
water, ihc cuuilsion w'as put into two tubes Asdiich "were then heated to 
10"'G and (iO C respectively for half an hour, and then inoculated in dilute 
Omelianski solution, fl’ested as to ^Yhetller nitrification had progressed, 
both of them gave reactions for nitrites but not for nitrates. Plated on Alter 
paper pads the culture wbich had received the inoculum heated to 
showed chalky \Yhite colonies but no brown colonies. The colonies were 
grown subsequently on gypsum block, silicate jelly, aiiimoniinn sulphate 
agar, and iinglazed porcelain dishes, and showed the same chalky w^hite 
appeaiance, Lxamined under a 1o\y power of the microscope the colonies 
were seen to be opaque with a brownish centre and filamentous edges. 

They ^Ycrc also grown on slants of silicate jelly and ammonium sulphate 
agar ; the appearance of these streak cultures was chalky white ^^nth no 
precipitate in the condensation water. (Plate I, fig. 1.) 


* A. Cauiiiuiibam & Lblniis, Mr, fiir Uukl. 11, Abt. au Bd., 1013.14, 50G. 
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When grown on plates of silicate jelly and amnioniuni sulphate agar 
in streaks they had the same chalky white appearance. The plates were 
examined for nitrites and nitrates. Nitrites were found but no nitrates. 

Microscopic examination of organisms from colonies .showed the ramifying 
threads and flagellated organisms mentioned above. 

The organism when inoculated on ordinary agar and bouillon did not grow. 

In order to follow the growth of the ramifying threads and how they 
begin to form, some of the colonies ^vere emulsified in sterile water and then 
plated ; examination of slides made from young colonies showed that the 
organisms (micro-photographs of Avhich are given in Plate TI) were not 
separate ones but stages of transformation and further that the flagellated 
organism was not a separate one but a stage of the same organism. 

Here then we are dealing with one organism with four stages which forms 
nitrites from amraoniiuu sulphate but no nitrates. 

Thermal Death Point. 

As we have seen, this organism survives the temperature of 60°C while 
the nitrifiers described by Winogradsky and 0m61ianski do not survive oo V. 
The maximum temperature 'which this organism will survive was found by 
inoculating separate flasks containing 50 c.c. dilute Omelianski solution, with 
a liquid culture diluted in sterile water (4 c.c. in :^00 c.c.) hv means 
of a sterile pipette, the same amount of inoculum, 5 c.c.. beimr ^^sed ’ 
the flasks ^vere then heated at different tempera ture.s—r/.r., 40^. 50°. 60° 
70°, 80°, 00°, and 100°C for half an hour. 

Nitrites were estimated at the end of 6 w^eeks' incubation at 30°C. and 
gave the following results : — 

-Mi llij/rams of Xirrojjen {i.'< JVitrife 
m .oO c. c. medium contKiiiing; 
o Nifi'o^cn jis .-immo- 

niiim snlpliiite. 


30°C .. .. .. 4-2 

40°0 .. .. .. .. 3-4 

50°C .. .. .. .. 2*4 

60°a .. .. .. P2 

70°C .. .. .. .. 08 

80°C .. .. .. .. Nil. 

90°C .. .. .. .. Nil. 

100°C .. .. .. Nil. 

Control (without any inoculum) . . . . Nil. 


Nitrates were not found in any of the flasks and so it need not be 
suspected that absence of nitrites may mean further oxidation to nitrates, 
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since nitrates were not found even after 8 weeks’ growth in any of the flasks 
which shows that this organism forms nitrites only. 


Kffect of Temperature. 

Liquid culture from the previous experiment was diluted and used as 
inoculum as in the previous experiment ; after incubation at diflerent 
tempera turo.s for 4 weeks, quantitative tests for nitrites were made, 
duplicate flasks being used for each variation of temperature. 

Ifuniliated ut Milligrams N. as Nitrite. 

{S 

25T . . . . . . . f 2*6 


30"C 

35°C 


( 2*6 
■ ■ t 2-8 
J 3-0 
(3-4 
j 0*3 
" [0-7 


40%^ 


I Nil. 
\ Nil 


Oontrol without inoculum at 30°C . . . . Nil. 

Nitrates were not found at the end of the experiment in any of the flasks. 
Some flasks were incubated for a further period of 4 weeks but no nitrates 
were found. The optimum temperature for this organism lies between 25° 
and 35°C. 


Effect of MgCOg. 

As noted previously, MgCO. was found to have an inhibiting influence 
on nitrification with higher concentration of aininoiiium sulphate when soil 
was used as inoculum. It was proposed to try whether the same holds good 
for this organism. The liquid culture {that incubated at 30°C) from previous 
experiment was used for inoculation as before, with varying concentration 
of ammonium sulphate. 

The results after 4 weeks incubation at 30°G are given below : — 

Milligrams N, as Nitrite. 


Dilute Omelianski solution + OaCOg . . . . ■[ f 9 

f 1*9 

Dilute Omelianski solution + MgCO;^ , . ‘ { 1 0 

Strong Omelianski solution f CaCO* / 

/ ■ . > ^ , . . ” * ‘ ( 3*6 

(containing 4 times the amount of nitrogen as 
ammonium sulphate). 

Strong Omelianski solution + MgCO . , / 

® ‘ • T 1 .A 
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It will be seen from the above that MgCO^ is much less effective than 
CaCO., as a base for nitrite formation in dilute as well as in strong solution. 

Winogradsky^ Godlewski' and Coleman'' have shown that nitrifying 
organisms make use of CO,_, from air as their source of carbon. It was pro- 
posed to try the action of CO^ by increasing its concentration in the atmosphere 
surrounding. Along wnth this the action of coal gas was also tried. 

For this experiment duplicate flasks containing sterile Onielianski solution 
were inoculated from a liquid culture as before and kept under a stoppered 
glass bell-jar. This was partially exhausted of air under the pump wdth 
pressure gauge and \vhen the latter indicated J atmosphere the stopcock was 
closed and CO^ was admitted till atmospheric pressure was reached ; the 
stopcock was then closed again. The experiment was repeated with coal gas 
under a separate bell- jar. 

Trial was also made as to wdiether the organism would grow without any 
oxygen. For this two flasks similarly inoculated as before were kept in a 
desiccator from which as much air was exhausted as possible and the oxygen 
from the remaining portion was absorbed by means of pyrogallic acid and 
caustic potash. 

The results of the experiment show that CO^ and coal gas have a stimu- 
lating effect on the organism. Under anaerobic conditions the organism does 
not grow. The amounts of nitrites formed are given below : — 

Milligrams N. as Nitrite 
in 50 c.c. Omelianski 
solution. 


Without any treatment 

I 1-2 
■ ■ \ 1-4 

CO, 

(1-9 
• • \ 1-8 

Coal gas 

(1-6 

Anaerobically 

Control (without inoculation) 

.. Na. 

. . Nil. 


In order to see whether the stimulating effect of COj is due to some of 
it being dissolved in water thus rendering more CaCO^ soluble and making 
the ammonium salt more easily accessible to the bacteria, anothei' experiment 
was undertaken in which the Omelianski solution i]i which all insoluble 


> Amuiks de £ Inst. Pasteur T. IV, 189U, y. 
'^Ce7iif. fiir Bakt. 11, Abt. Bd. 2, J89t, p. 4J8. 
iCmir. fur Bakt. II, Abt. Bd. 20, 1008, p. 484. 



€aCO, was filtered out before sterilization was compared with the unfiltered 
solution. The .same (filtered and the unfiltered flasks) were kept in an atmos- 
phere which contained 50 per cent. CO*. For comparison flasks were kept in 
ordinary air. At the end of 4 weeks’ incubation the results were as follows : — 

Millijirams N. as Milligrams N. as 

Nitrite. Nitrite. 

(Filtered solution.) (Unfiltered solution.) 


Under | Under CO., 

Without CO j ■•[oG8 Without CO, 


It is clear, therefore, that unfiltered flasks under COg give better results. 
No nitrates were found. 

To determine the eflect of an increased proportion of inoculated 
flasks were kept under a bell-jar and the air exhausted more or less completely 
bv means of a pump and then CO^ introduced into it and a comparison made 
with the ordinary atmosphere ; the results at the end of 4 weeks were as 
follows : — 

Milligrams N. as Nitrite. 


Ordinary atmosplierc 
COg atmosphere . . 


/ 2‘05 
t 2-39 
f 1*63 
\ 1-30 


Various organic .substances weje found by Winogradsky and Omelianski 
to inhibit nitrification ; it was proposed to try the action of glucose, aspa- 
ragin and urea, oji this organism. 

To separate flasks, each containing Omelianski solution (50 c.c. each), 
sterile solutions of the above substances were added by mean.3 of a sterile 
pipette. Inoculations were made as before by a liquid culture. 



Milligrams 

N. as Nitrite. 

50 c.c. Omehanski solution 

-f O'l gram Glucose 

fl-6 

U-3 

50 c.c. ; 

0‘2 „ Glucose 

j Nil. 

\ N il 

50 c.c. ,, „ 

-b OT ,, Asparagin . . 

1 4-1 
|3'8 

50 c.c. „ , 

+ 0*2 „ Asparagin . . 

(2-8 
\ 2-5 



Milligrams N. as Nitrite. 


50 ex. Onielianski soliitioii -f0‘l grain Urea 
50c.c. ,, ,, 0*2 ,, Urea 

50 c.c. without auy addition 


f 6-03 
' * \ 6-2 

f4-l 
• ’ ) 4‘3 

f 3-1 
" i3-l 


0'2 gin. glucose totally inhibits’nitrite foiniatioii. 

0*1 gni. glucose retards it strongly. 

0*2 gm. asparagiii retards it slightly. 

O'l gm. asparagiii and Od gm, and 0’2 gm. urea increase nitrite 
formation. 


At the end of each cxperinieiit plates were made and did not show any 
contamination ; in some of the exjieriments that follow platings were now and 
then made. 'There was no contamination in some cases, hut sometimes colonies 
of other bacteria appeared ; cultures nere made from these organisms to 
see whether any of them when inoculated into OniMianski solution produced 
nitrites. None of the intruding organisms produced any nitrites or nitrates. 
This liowever does not exclude the possibility of their help through symbiosis 
with this organism ; this objeetion could have been met if it had been possible 
to assert the absence of these intruding bacteria when tliey did not appear on 
the plates previously. 

Unfortunately the appearance of one of these latter organi.sms is so 
watery w^heu grown on silicate jelly and ammonia sulphate agar that it is 
quite possible that it might have est^aped notice on these media. On other 
media none of the organisms appeared, AltJiough as many procautioiis as 
were possible were taken, still in some of the plates contamination with these 
organisms did occur. If they prove to be inert organisms tlioir appearance will 
nut detract from the value of the experiments, but if they happen to be acting 
in some other w^ay, ^Yhich will be tested hereafter, some of the conclusions 
will have to be modified. 

There were three kinds of iiitnuiing organisms, all of which grew on ordi- 
nary agar + 5°K. 

(1) Watery growth . . Small rod-shaped. This was the most frequent 
contamination. 


(2) Yellow growth . . Small rod-shaped. 

(3) Brown . . Small rod-shaped. 

The fact that these three organisms alone appeared whenever any conta- 
mination occurred, and the fact that organisms of chance contamination in 
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tliis laboratory are of quite a different typo excluded the possibility of these 
organisms being chance contaminations and leads to the alternative supposi- 
tions either that they must have some specific natural association with the 
organism under examination or that their growth is favoured by the cultural 
conditions of the experiments described. 

In order to see which source of nitrogen is preferred by the organism 
described in this paper, solutions were prepared in which asparagin, urea, 
NHi Cl and (NH^)^ CO^ replaced SO 4 in the culture solution. It 

was also proposed to see which of these required CaCOg as a base for neutra- 
lizing the acid. These Avere then sterilized and inoculated with an equal 
amount of inoculum : — 

Milligrams N. as Nitrite. 


Asparagin without CaCOg 

f 0-84 
' ■ 1 0-80 

Asparagin with CaCO , 

f 1-40 
{ 4-20 

Urea without (JaCO, 

) 1-70 
' ■ 1 4-60 

Urea with GaCO; 

(0-03 
' 1 0-03 

(NH ,), COg without CaCev, . . 

( 1-90 

i 2-00 

(NH 4 ), CO, with CaCO, 

( 0-24 
" 1 0-24 

Nil j Cl without CaCO, 

f 0'2u 
" 1(1-20 

NHj Cl with CaCOg 

f 1-90 
"I 2 -OO 

(Nil SO. without CaCOg . . 

ro-40 
" I 0 - 4 O 

(N 114)2 ^^4 CaCO,, 

( 1-60 
' ' \ 1-80 


It is iuterestiiig to note that CaCO^ has an inliibitory action -with (NHJ.. 
COg and urea, while in other cases it is favourable. Probably the CO^ 

and urea solutions are by themselves suliicieiit to supply the most easily avail- 
able source of foot! to the nitrite former and addition of CaCOg which is so 
necessary in other cases is not useful in the case of the two substances noted, 
and probably some of the aiimioiiia might be lost by volatilization after the 
addition of CaCOg. Nitrates were not found in any of the flasks, which 
excludes the possibility of lowering of nitrite on account of further oxidation. 
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In the next experiment 0’05 per cent, sol ii l ion of asparagin, urea, (NH4)j 
COg, NHj Cl, (NliJi SO* were used with and without CaCOg to .sec whether 
the nitrite-former can utilize them in a solution containing no phosphate. 
Results after 1 weeks’ incubation are given in the following table :~ 

Milligrams N. as Nitrite. 


Asparagin solution 

/ Nil 
■ ' \ Nil 

Asparagin solution + CaCO, 

f Ab7. 

■ • ( Nil 

Urea solution 

jO-07 
• ■ f O-OG 

Urea .solution -f CaCO^ 

f 0-02 
"1 0-02 

(NHJg COg solution 

f 1-20 
■ ‘ 1-00 

(NH4), CO3 solution + CaCOg.. 

j 0*21 
• ■ ( 0-25 

NPI4 Cl solution 

f0'02 
• ' 1 0-02 

NH^ Cl solution + CaCO.^ 

f 0*03 
• ’ ) 0‘03 

(NHJ, SO, .solution 

|0‘01 

O'Ol 

(NHjg SO, solution + CaCO^ 

1 0'05 
' * ) 0-04 


The inhibitory effect of CnCO,, on nitrite formation is noticeable in the 
case of (NHJ.^ CO3 and urea. 

That CaCOg when added to other salts gives more nitrites confirms 
Ashby’s^ supposition that the other salts require to be converted to (NH COc 
for the nitrite-former to turn them into nitrite. 


SUMMARY. 

1. The nitrite-forming organism described in this paper is a new one, 
differing morphologically from others hitherto known. 

2. Its thermal death point lies between 70°C and 80°C. 

3. The optimum temperature for its activity is between 2D'’C and 35°C. 

4. MgCO., is much less effective than CaCOg as a base for nitrite 
formation by this organism. 

' A^hby, Jour?i, of Agri. Scie^nce, Vol. II, 1902. 
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5. An increased proportion of CO3 in the atmosphere (50 parts per 
100) acts as a stimulus to the activity of this organism ; further 
increase of CO; has a retarding efiect. 

(/>) Coal gas exercises a similar influence. 

0. 0*2 gin. glucose in 50 c.c. Omelianski solution totally inhibits nitrite 
formation by this organism. 

O'l gm. glncosc in 50 c.c. Omelianski solution retards it strongly. 

0'2 gm. asparagin in 50 c.c. Omelianski solution also retards it. 

O'l gm. asparagin and 0*1 gm. nrca and 0*2 gm. urea in 50 c.c. 
Omelianski solution sliows a rise in nitrite formation by this 
organism. 

7. (e) Tn solutions containing phosphates, ammonium chloride, ammo- 

nium sulphate, ammonium caibonate, asparagin and urea 
serve as sources of nitrogen for nitrite formation. 

(/>) Tn the case of (NHJg CO.^ and urea, CaCO. appears to exert an 
inhibitory influence. 

8. In solutions containing no phosphates, CO., is the only snb- 

.stance which is easily changed into nitrites. 

0. The presence of protozoa along witli nitrite-formers might easily 
have escaped notice, had not the use of filter paper pads in cultural technique 
favoured their development. 


PlTSA, 

iVorenvbcr , 1^14, 



PUBLICATIONS OP T'ilE IMPEKIAL OPPAKT- 
MENT OF AGlIlCULTUliE IN INDIA, 


To EE 1!aP FItOM 


Thk Office of the AoiucrLTOu.u. Aoviseu to the Oovkknmknt of Ivdi.a, 
Pc^A, Bihar ; 


and from thfi. foUo^rihig Agents:— 


(1) THAC'KEJi, SPINK & CO., Calcutta. 
{'2) W. NEWMAN & CO., Calcutta, 

(S> KAI M, C. SARKAIC BAHADUR i 
SONS. Calcutta. 

(4) HIGGINBOTHAM.S, Ltd , Madras. 

(5) THOMPSON * CO., Madra-S, 


(6) D. B. TAIlAPORKVAIiA SONS & CO„ 

BOAfBAAU 

(7) THACKER ct CO., Bombay. 

(SI SUNDER PAN D UR UNO, Bombay. 

(9) Uai Sahib M. OULAB SINGH ct 

SONS, Lahore. 

(10) Maxaoer, educational BOOK 

DEPOT, Naopur. 


Annual Report of the Imperial Department of Agricultui’e in India for the year 1904 0,T 
Price, As. 12 or ly. 2d, {Out of print.] 

Report of the Impei'ial Department of Agriculture in India foi' the years 1905 06 and 1906-07. 
Price, As. 6 oi’ Id. 

Report of the Agricultural Research Institute and College, Pusa {including the Report of the 
Imperial Cotton Specialist), for the yeais 1907-09. Price, As. 4 or 5d. 

Report of the Agricnltiiral Research Institute and College, Piisa (including the Report of tiie 
Imperial Cotton Speciali.st), for the year 1909-10. Price, As, 4 or od. 

Report of the Agricultural Research Institute .and College, Pusa (including the Report of the 
Imperial Cotton Specialist), for 1910-11. Price, As. 6 or Id. 

Report of the Agricultural Research Institute and College, Piisa (including the Report of the 
Imperial Cotton Speciali.st), for 1911-12. Price, A.s. 6 oi’ Id. 

Report of the Agricultural Research Institute and College, Piisa (including the Report of the. 
Imperial Cotton .Specialist), for 1912 18. Price, A.s. 7 or 8(/. 

Report of the Agricultural Research Institute and College, Piisa (including the Report of tlie 
Imperial Cotton Specialist), for 1918-14. Price, A.s. 8 or 9d. 

Report on the Progress of AgvicultuYe in India for the years 1907-U9. Price, As. fe ov Id. 

Report on the Progress of Agriculture iu India for tlic year 191.i9-10. Price, As. G or 7d. 

Report on the Progress of Agriculture in India for the year 191U-11. Price, As. 12orly. 8(/. 
{Out of print.) 

Report on ihe Progress of Agriculture in India for the year 1911-12. Piicc, As. 6 or 7t/. 

Report on the Progress of Agriculture in India for the year 1912-18 Price, A.s, 8 or 9d. 

Report on the Progress of Agricnltni’e in India for tlie year 1918-14. Price, As. 8 or 9(/. 

Proceedings of the Bo, aid of Agriculture in India, held at Pusa on the Gth January 1995 and 
following days (with Appendices), Price, As. 8 or 9(/. 

Proceedings of the Board of Agriculture in India, held at Piis.a on tlie 15th January 1906 and 
following day.s (M’ith Appendices). Price, As. 12 or Is. 2d. 

Proceedings of the Board of Agriculture in India, held at Cawnpore on the ISth February 
1907 and following days (with Appendices). Price, Re. 1-2 or l,s. 6d. 

Proceedings of the Hoard of Agricultiiie in India, held at Pdsa on the I7th February 1908 
and following days (with Appendices), Price, As. 8 or 9d. 

Proceedings of the Board of Agriculture in Indi.a, held at Nagpur on the loth February 1909 
and following days (with Appendices), Price, As. 8 or 9d. 

Pi'oceedinga of tlie Board of Agriculture in India, hold at Pusa on the 21st February 1910 
and following days (with Appendices). Price, As. S or 9(0 

Proceedings of the Board of Agriculture m India, held at Piisa on the 20th November 1911 and 
following^ days (with Appendices). Price, As. It) or ly. {Out of print.) 

proceedings of the Board of Agviciilturein India, held at Coimbatore on the 8th December 1918 
and following days (with Appendice.s). Price, Re. 1-2 or h-. 9d. 

Standard Curriculum for Provincial Agricultural Colleges as recommended by the Board of 
Agriculture, 1908. Price, As. 4 or Ed. 



The Agricultural Journal of /ndta.— A Quarterly Journal dealing with aubjects connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, co-oper- 
ative credit, agricultural cattle, farm irapleraents and other agricultural matters in India. 
Illustrations including coloured plates form a prominent feature of the Journal. It is 
edited by the Agricultural Adviser to the (tevernraent of India, assisted by an Advisory 
Lommittee of the SUtf of the Agricultural Research Institute, Piisa. Anniial subscription, 
Ivs. (, or 8.«. fid., including postage. .Single copy, Rs. 2 or 3 shillings. 


Memoirs ok the Department of Agriculture in India are 
issued from time to time as matter is available, in separate series 
sucli as Chemistry, Botany, Entomology and the like. 


Vol, I. 

No. 

I. 

Vol. I. 

No. 

II. 

Vol. I, 

No. 

III. 

Vol. I, 

No 

IV. 

Vol. I, 

No. 

V. 

Vol. ], 

No 

VI. 

Vol. II. 

No. 

I, 

Vol. 11, 

No. 

11. 

Vol. II, 

No 

III. 

Vol, 11, 

No. 

IV. 

Vol. 11, 

No. 

V. 

Vol. 11, 

No, 

VI. 

Vol. IT, 

No. 

VII. 

Vol. IT, 

No. VI IT. 

Vol. IT, 

No. 

IX. 

Vol. in 

. No. 

I. 

Vol. Ill 

, No. 

II. 

Vol. in 

, No. 

III. 


BOTANICAL SERIES. 

Studies in Root-Parasitisni. The Haustorium of Sanialwm album.— 
Pakt I.— Early Stages, up to Penetration, by O. A. BaRbkr, M.a., R.l.s. 
Price, Ke. 1. {Out of print) 

Part II,— The Structure of the Mature Haustorium and the Inter-relations 
between Host and Parasite, by C. A. Barbkr, m.a., f.l.s. Price, R.s. S, 
(Out of print) 

Indian Wheat Rusts, by E, J, BUTLEU, M.B., F.I.S, ; and J. M. Haymar, 
DV.s. Price, Rs. 3. {Out of print.) 

Fungus Diseases of Sugarcane in Bengal, by E. J. Butler, M.R., F.L.s, 
Price, Ks. 3. {Out of print.) 

(lossy piuiii obtusifolium, Roxburgh, by I. H. Burkit.l, m.a. Price, Re. 1. 

An Account of the Genus Pythium and .some ChytridiacecE, by K. J. Butler, 
M.B.. F.L.s. Price, Rs. 4-8. 

C^phalcuros virfisccns, Kiinze ; The. Red Rust of Tea, by Harolu H. Mann, 
b.sc. ; and C. M. Hutchinson, b.a. Price, Rs. 4. {Out of print,) 

Some Diseases of Cereals caused by Sekrospora graminicola , by E. J. 
Butler, m.e., f.l.s. Price, Re. 1-8. 

The Indian Cottons, by G.A. Gammie, f.l.s. Price, Rs. 7-8, {Out of print.) 

Note on a Toxic Substance excreted by the Roots of Plants, by F. 
Pletchkk, m.a., r.sp. Price, Re. 1-8. 

Studies in Root* Parasitism. III.— The Haustorium of Olax seandem , by 
0. A. Barrer, m.a.. f.l.s. Price, Rs. 2-8. 

Studies in Root-Parasitism. IV. —The Haustorium of Cansjera Phesdii, by 
C. A. Barber, m.a., f.l.s. Price, Rs. 2-8. {Out of print.) 

.Some Experiments in the Hybridizing of Indian Cottons, by P. F, FysoN, 

■ B.A., F.L.S. Price, Re. 1-8, {Out of print.) 

The Varietal Character.s of Indian Wheats, by Albert Howard, m.a., 
A.R.C.8., F.L.S.; and Gakrielle L, C. Howard, m.a. Price, Re. I. 
{Out of pnnt.) 

The Mulberry Disease caused by Coryneum mori, Nom., in Kashmir, with 
Notes on other Mulberry Diseases, by E. J. Butler, m.r., f.l.s. Pric.e, 
lie. 1-8, {Out of print.) 

The Wilt Disease of Pigeon-Pea and the Parasitism of Neo(Josmoapora 
vasinfccta , Smith, by E. J. Butler, m.b., f.l.s. Price, Rs. 3. 

Studies in Indian Tobaccos. No. I.— The Types of Ificoiiana rusiica, 
L., Yellow Flowered Tobacco, by Albert Howard, m.a., a.r.c.s., r.L.8, ; 
and Garrielle L. C. Howard, m.a. Price, Ks. 4. 

Studies in Indian Tobaccos. No. 2— The Types of Nicotiana tabaeum, 
L., by Albert Howard, m.a., a.b.o.s., f.l.b.; and Garrielle L. C, 
Howard, m.a. Price, Rs. 9. 

Studies in Indian Fibre Plants. No. I.-On two varieties of Sann. 
C7•o^alc^^*^a juncea, L., by Albert Howard, m.a,, A.R.C.t., f.l. 8,; and 
Garrielle L. C. Howard, m.a. Price, Re. 1. 



BOTANICAL SEKIES— conc^c^. 


Vot. Ill, No. IV. The Intluence of the Bnvironment on the Milling and Baking Qnalitiei^ of 
Wheat in India. No. I.— The Experiroenta of 1907-CS and 1908-U9, by 
Albkrt Howard, M.A., A.K.c.s., F.L.8.; H. M. Leakk, m.a,, f.l.s.; and 
Gabrielle L. C. Howard, m.a. Price, Re. 1-8, 

Vol. HI, No. V. The Bud-Rot of Palms in India, by E. J, Butler, m.b., f.l.s. 
Price, Rs. 2, 

Vol. Ill, No. VI. The Bcononiic Significance of Natural Cross-fertilization in India, by Albert 
Howard, m.a., a.r.c.s,, f.l.s.; Gabrielle L. C. Howard, m.a.; and 
Abduk Rahmaw Khan, Price, Its. 4-8, 

Vol. IV, No. I» The Millets of the Genus Setaria in the Bombay Presidency and Sind, by 
G. A. Gammie, f.l.s. Price, Re, 1. 

Vol. IV, No. H. Studies in Indian Fibre Plants. No, 2.— On Some New Varieties of Hibisms 
mnnabinus, L., and Hibiscus iiabdarifa, L., by Albert Howarl, 
M.A., A.R.C.S,, F.L.S.; and Gabrielle L. C. Howard, m.a. Price, Rs. 3. 

Vol. IV, No, III. Notes on the Incidence and Effect of Sterility and Cross-fertilization in 
the Indian Cottons, by H. M. Leake, m.a., f.l.s.; and Ram Prasad. 
Price, Re. 1. 

Vol. IV. No. IV. The Inheritance of Red Colour and the regularity of self-fei tiliz 
ation in Corchorus capsularis, h \ the common Jute Plant, by I. H. 
BurkiLL, m.a.; and R. S. Finlow, b.sc. Price, He. 1. 

Vol. IV, No. V. Observations on Ceitain Extra-Indian Asiatic Cottons, by H. 1\1. Leakk, 
M.A., F.L.S.; and Ram Prasad. Price, Re, 1-8- 

Vol. IV, No. VI. The Morphology and Parasitism of Rbizociunia, hy F. J. F. Sham’, b.sc., 
A.R.C.S., F.L.S. Price, Rs. 2. 

Vol. V, No, I. On the Inheritance of some Characters in Wheat, I, by A. Howard, m.a,, 
A.R.C S., F.L.S. ; and Gabrielle L. C. Howard, m.a. Price, Re. 1 

Vol, V, No. II. On the Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India. No, 2.— The Experiments of 1909-10 and 1910-11, by 

A. Howard, m.a., a.r.c.8., f.l.s. ; H, M. Le.ake, m.a., f.l.s. ; and 
Gabrielle L. C. Howard, m.a. Price, Re- 1. 

V^ol. V, No. III. The Varieties of Soy Beans found in Bengal, Biluu’ and Orissa and their 
Commercial possibilities, by E. J. Woodhouse, m.a.; and C. S. Taylor, 

B. A. Price, Rs. 2. 

Vol. V, No. IV. On Phytophthora pamsUica nov. spec A neu’ l)i.sease of the Castor Oil 
Plant, by J. F. Dastuk, b.sc. Price, Ks. 2. 

Vol. V, No. V. Studies in Peronosporacm, by E. J. Butler, ^[.r., f.l.s. ; and G. S. 
Kulkarni, L.Ag. Price, Rs. 2, 

Vol. VI, No. 1, Notes on Pollination and Cross-fertilization in the Common Rice 
Plant, Oryza saliva, Linn., by G- P. Hector, M-a , b.sc. Price, He, 1. 

Vol VI, No. II. A Sclerotial Disease of Rice, by F. J. F. Shaw, b.sc., a.r.c.8., f.l.s. 
Price, Be. 1. 

Vol. VI, No. III. Studies in Indian Tobaccos. No. H— The Inheritance of Characters in 
Nicotiana tabacum, L., by Gabrielle L. C, Hom’ard, m a. Price, Rs. 3. 
Vol. VI, No, IV. Studies in Indian Cottons, Part 1— The Vegetative Characters, byH.M 
Leake, m a., f.l.s. ; and Ram. Prasad. Price, Rs, 3 8 

Vol. VI, No. V. The Red Rot of Sugarcane, by E, J. Butler, m b., f l.s. ; and A. Hafiz 
Khan. Price, Re. 1. 

Vol. VI, No. VI. Some New Sugarcane Diseases, by E. J. Butler, m.b., f.l.s,; and 

A. Hafiz Khan. Price, Rs. 2. 

Vol, VI, No. VII. Preliminary Note on the Clasaifi cation of Kicc in the Central Provinces, by 

B. J. D. Graham, m.a,, b.sc. Price, Ko. l-K 

Vol. VI, No. VIII. The Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India No. ,3. —The experiments of 1911 12, by A. Howard, 
M.A. ; H. M. Leake, m.a. ; and G. L. G. Howard, m.a. Price, 
Re. 1 or H. 6cf. 

Vol. Vn, No Ir Studies in Indian Sugarcanes, No. 1, Punjab canes, by C. A. BAi^REK, sc in 
Price Rs. 3 8 or 5^. 6d. 

Vol. VII, No II The Distinguishing Characters of Sugarcanes cultivated at Sabuur, by 
E. J. WOODHOUSE, M A. ; S. K. Basu, m.a. ; and C. S, Taylor, 
B.A. Price, Re. 1-8 or 2s. 6ri. 

Vol. VH, No. III. The Potato Blight in India, by J. F. DAbTUR, B.sc Price. He, 1. or Is 6rf. 



CHEMICAL SERIES. 


Vol. I, No. 1. TliB Composition of Indian Uain and Dew, by .1. Waltkk Lkaiheu. 
ph.D., F.l.c. Frice, Re. 1. 

Vol. I, No. II. TliB Coinpoftition of the Oil-Seeds of India, by 3. W, Leathhk, Fh.u,,F.i,c. 
Price, Re. 1. {Out of print,) 

Vol. I, No. HI. The Pot*Culture House at the Agriciiltiual Research Institute, Piisa, by 

J. W. Leathek, Fh.D., F.i.c. Price, Rs. 3. 

V'^ol. T, No. IV. ICxperiments on the Availability of Phosphate-s ami Potash in boils, hs 
J. W. Leathek, ph.H., f.i.c. Price, Re. 1-8. 

Vol. I, No. V. Tlie Construction of Hrain Gauges at Piisa, by M. H. A KNOTT, M.inst.c.K. _ 

with a Preface by J. W. Leathek, Ph. I)., F.I.C. Price, ILs. [Out of 

print,) 

Vol. I, No. VI. Tlie Loss of Water from Soil during Dry Weather, hy J. Waltkk 
Leatiikk, Ph.n., f.i.c. Frice, Rs. 2. {Out of print.) 

Vol. L No. VII. The .System Water, Calcium Carbonate, Carbonic Aciil, by .1. Waltkk 
Leather, ph.D., Kl.c. ; and Jatindka Nath Sen, m.a. Price, Re. 1. 

Vol. 1. No Vin. Water Requirements of Cropis in Indi.a, by J. Waltkk Leathek, Ph.n.. 

E. i.e. Price, Us. 3. 

Vol. L No. IX. The Nature of the Colour of Black Cotton Soil, by H. K. Ankett, n.sc. 
Price, Be. L 

Vol. I, No. X. Water Requirements of (h’ops in India— IT, hy .J, Waj.tku Lkathkk, 
Ph.D., F.I.C. Price, Ks. 2-S. 

Vol. IT, No. I. The Composition of the Milk of some Breeds of Indian ('ows and Bnffaloe.'. 

audits Variations, I'avt I- The niillt of soniehieed.s of Indian cows, by 
A. A. Meoottt, b.sc. ; and H. K. M anx, d.sc. Piice, He. 1-8. 

Vol. IT, No. II. Records of Drainage in India, by J. Walter Lkathkk. Ph.D., F.i.c. 
Price, Re. 1. 

Vol. II, No. III. The Rah System of Rice Cultivation in Weytern India, by H. H. Mans, 
D.Sc. ; N. V. JOSHI, R.A., R.sc,, L.Ag. ; and N. V. Kanitkar, B.Ag. 
Price, Re. L 

Vol. 11, No. IV. I’he Composition of the Milk of some Biceds of Indian Cows and Buffaloes 
.and its V''ai iation:^ Part H. The milk of some breeds of Indian buffaloes, 
by A. A. Mecoitt, B.i?c. ; and H. M, Mann, D.Sc. Price, Re. 1-8. 

Vol II, No, V. A contribution to the knowledge of the Black Col ton Soils of India. 

by W. H. Harrison, m.sc. ; and M. R. Ram.swaaiy Si van, k.a. 
Price, Re. 1. 

Vol. 11. No. VI, The Date Sugar Industry in Bengal. An investigation into its Chemistry 
and Agriculture, by H. E. Anxett. b.sc., assisted by G. K. Lele, 
L. Ag. ; and Bhailal M. Amin, k.a. Price, Rs. 3 

Vol, in. No. I. Evaporation from a Plain Water Surface, by J. Walter LeathbPv^, rli.n.. 

F. I.C Price, Re. 1. 

Vol. HI. No. IT. Studies in the Chemistry and Physiology of the Leaves of the Betel-vine 
{Piper Beth) and of the Commercial Bleaching of Betel-vine Leaver, 
by H. H. AIaxx, d-sc- ; D. L. Sakai^rabcddhe, r.&c., L-Ag. ; and 
V. G. Patwakdhax, u.Ag. Price, Re. 1-S\ 

Vol. HI. No, HI, The Gases of Swamp Rice Soils, Their composition and relationship to 
the crop, by W. H. Harrison, m.sc. and P. A. Subkamania Aiyek, 
B.A. Price, Re. 1-8. 

\’ol- HI, No. IV. Tlic Expeiimental Error in Sampling Sngf.rcane, by J, W. Leather, Ph.D,, 
F.I.C. Price, Re. 1. 

Vol. HI, No. V. Tlie Fractional Liquefaction of Rice Starch, by F- J. Wauth, M.se, ; and 
D. B. Daeabsett, B.bc. Price, Re. 1. 

Vol. HI, No. VI. The Yield and Composition of the Milk of the Montgomery herd at Pv'isa 
and Errors in Milk Tests, by J. W. Leather, ph.i)., f.i.c. ; and 
A. C. Dobbs. Price, Re. 1 or l.v. %<L 

Vol. HI, No. VII. The System Potassium Nitrate, Sodium Chloride, W.vter, by J. W. 

Leather, ph.D., f.i.c. ; and Jotindua Nath Mukeujke, b.a,, b.sc 
Price, Re. 1 or H- 6rf. 



CHEMICAL SWlHS^condd, 

\'ol. IiI,No. VIII. The Systerag— (A) Water, Magnesium Carbonate, and Carbonic AciH, (H) 
Water, Calcium Carbonate, Magnegium Carbonate and Carbonic 
Acid, by J. W. Leatueh, ph.D., ; and Jatindra Nath Sen, m a.. 
Price, Re. 1 or Is. 6r?, 

Vol, III, No< IX. Studies of an Acid Soil in Assam, by A- A. Meggitt k.sc. Price. 
Re. 1-8 or 2s. 6d. 

Vol. IV, No. I The Gases of Swamp Rice Soils, Part II. Their utilization foi' the 
Aeration of the Roots of the Crop, by VV. H. Hakrison, ai.JSc , and P A. 
SUBiiAiiMAMA Aiykk, b.\. Price, Re. 1 or U, Gd. 

Vol. IV, No. II. Soil Temperatures by J. W. Leather, f,i c. [ht the prean-) 


ENTOMOLOGICAL SEKIE5. 

Vol. 1, No. 1. Tlje Bombay Locust— A Report on the investigations of 10U3-04, by H, 

Rl. LefROY, M.A., E.K.s,, F,Z..s. Price, Rs. 2-55. 

Vol, I, No. If. I’lte more Important Insects injurious to Indian Agriciiltiiie, by H, 

M. Lkfroy, M.A., F.E.S., F.Z..S. Pi ice, Rs. {Out of print.) 

Vol. I, No. 111. The Indian Surface Caterpillais of tlie Genus A{froti/i, by H. IVI. T.kfkov, 
M.A.. F.K.S., K.z.s. ; and C. C. Ghosh, u.a. Price, Re. 1-b. [Out of print.) 
Vol. T, No. IV. Individual and Seasonal Variations in Helopeliis theirora, Waterhonat, 
with description of anew species of Helopcltis, by Hauolo H. Mans. 
P.sc. Price, Re. 1-8. 

Vot. 1, No. V, The Coccid’f: attacking the Tea Plant in India and Ceylon, }>y K. E. Gkkkn, 
K.K.s. ; and Harold H, IMann, d.sc. Price, lie. 1. {Out of print.) 

Voi. I, No. VI. The Mustard Sawtly, by If. M. Lefroy, .m.a., f.z..s. ; and C. ( . 

(iiioSH, R.A. Price, Re, 1. {Out of print.) 

Vol. II, No. I. The Rice Bug, by H. M. Lefkov, m.a., f.e.s., f.z.s. Ihice, lie. 1, 

Vol. II, No. II, Reniarks on Indian .Scale Insects [Coccuia^], Part III, by E. E. Guekn. 

F.E.S., F z.s. Price, Re. 1-8. 

Vol. U, No. Ill, The Red Cotton Bug, by H. M. Lefkoy, .m.a.. f.e.s., f.z.s. Price, Be. 1. 
{Out of print.) 

Vol. II, No. IV. I'he Castor Semi'Looper, by H RI. Lkfroy, m.a., f.e.s., f.z.s. Price, Rs. 
{Out of print-) 

Vol. 11, No. V. The Tobacco Caterpillar, byH. M, Lefjioy.M.a., f, e..s., f.z.^. Price. Re. 18. 
[Otd of print.) 

Vol, II, No. VI. The Cotton Leaf Roller, by II. M. Lkfroy, m.a., f.e.s,, f.z.s, Price, Re. 1 a. 
[Oat of print.) 

Vol. H, No. VIT. Notes on Indian .Scale Insects {CorePia). by H. Maxwell Lefkov, >r..A., 
F.E.S., F.z.s. Price, Re. 1-8. [Out of print.) 

Vol. H, No. VIII. Life Histories of Indian In.sects—I {Coleoptr.ra)^ by H. M axwki.i.-Lefkov. 
M.A., F.E.S., F.Z.f<. Price, Hs. 2. 

Vol. II, No. I\. Life-Histories of Indian Insects— 11. Some Aquatic lihpnrhota and 
Coleoptera, by D. Nowrojee, b.a. Price, Re. 1-8, 

Vob II, No. X. Life- Histories of Indian Iii.sects— III. The Rhinoceros Beetle {Ortfciei 

rtiinocaros) and the Red or Palm Weevil [Rhi/nchophorua ferruyineux j, 
by C, C. Ghosh, b.a. Price, Rs. 2. 

Vol. III. The Food of Birds in India, by C. W. Mahox, M.8,E. a.o., edited by H, 

M. AX- WELL- Lkfroy, m.a., f.e.s., F.z.fj. Price, Pis. 7-8, 

Vol. IV, Ny. I, I'h'i Silk, by H. Maxwell Lefkoy, m.a., f.e.s., f.z.s,, and C. C, Ghosh. 
n. A. Price, Rs. 1). 

Vol, IV, No. II. Tetriginae (/IrridtLmd in the Agri. Research Institute, Pilsa, Bihar, with 
descriptions of new’ species, by J. L, Hancock, f.e.s. I’rice, Re. 1. 

Vol. IV, No. 111. The Big Brown Cricket [Brachi/tnjpes Stoll), by C. C. Ghosh, 

B.A. Price, Re. L 

Vol. IV, No, IV. Life-Histories of Indian Insects— IV'' by G. R. Burr, 
D.A. Price, Rs. 2. 

Vol. IV’’, No. V. Inquiry into the Iiisecl icidal Action nf some Mineral and other Compounds 
on Caterpillars, by H. Maxwell-Lefroy, m.a., f.b.s., f.z.s. ; and R. S. 
Finlow, b.Sc. Price, He- 1-8. (Out of print.) 

Vol, IV. No. VI. The “Psylla'" disease of Indigo, by A. J. Grove, m.sc., and C. C. 
GH08H, B^A. Price, He. 18 or 2a. 

Vol V, No 1- Life-Histories of Indian Insects— V {Lepidopiera), by C, C- Ghosh, b a. 
Price, Rs. 2-8 or 3a. 9d. 



BACTERIOLOdlCAL SERIES. 


Vol. 

I' 

No. 

1. 

Vol. 

I, 

No. 

11. 

Vol. 

I, 

No. 

Ill- 

Vol, 

I, 

No. 

IV. 

Vol. 

I, 

No. 

V. 


Vol. 

1, 

No. 

!■ 

Vol. 

I, 

No. 

11. 

Vol. 


No. 

III. 

Vol. 

I, 

No. 

IV. 

Vol. 

11, 

No. 

1. 

Vol. 

11. 

No. 

11. 

Vol. 

n. 

No. 

III. 

Vol. 

u. 

No. 

IV 

Vol. 

11, 

No. 

V. 

Vol, 

n, 

No. 

VI. 

Vol. 

II, 

No. 

VII 


Studiea in Bacteriological Analysia of Indian Soils, No. 1, 1910-11, by 
C. M. Hutchinson, b.a. Price, Ks. 2-8. 

Hangpur Tobacco Wilt, by C. M. Hutchinson, b.a. Price, Ra, 2, 

A New Nitrite-forming Organism, by N. V, JOSHI, b.a., bsc., LAg, 
Price, Re. 1 or Ir. 6<i. 

Azotebacter and Nitrogen Fixation by J, H- W a LION, b.a., b.sc. {/» the 
itress.) 

Bacterial Kot of stored Potato Tubers by C M. Hutchinson, b.a,, and 
N, V. JOSHI, B.A., B.8C., L Ag. (Inth^pfm.) 


VETERINARY SERIES. 


Aiiiiphylaxia in the larger Animals, by Major J. D. E. Holmbs m.a., d sc 
M.B.C.V.S. Price, Rs. 2. ’ ‘ ■’ 

Salvarsan in the Treatment of Suit a in Horses, Doga and Rabbits, by 
Major J. D. E. Holmes, m.a., d.sc„ m.r.c.v.s. Price, Re. 1-4. 

Some more Successful Experiments on tbe Treatment of Surra in Hie 
Camel with Recommendations for Systematic Treatment, by A. S, Leese 
M.R.c.v.s. Price, Re. 1. ’ 

On the Immune Bodies occurring in Anti-Rinderpest Serum and on the 
Variations occurringin the Serum Proteins of Animals during Rinderpest 
and during Immunisation and Hyper-immunisation, by P. HARTLEY, 
u.sc. Price, Rs. 2. 

Some cases of Surra treated in the Field and in the Laboratory during Ihe 
autumn of 1911, by Major J, I). E. Holmes, m.a,, d.sc,. M.R.c.v.s. 
Price, Re. 1, 

Rinderpest; Further liiveatigationa on questions connected with tbe 
Economical Production of Anti-serum, by Major J. D, E. Holmes, m.a,, 
D.8C. Pnce, Re. 1. 

The Curative Treatment of Hajmonhagic SepticBeroia in Cattle by the 
administration of Iodine and other notes on Chemiotherapy in Rinder- 
pest and Haemorrhagic Septicaemia, by Alajor J. D- E. Holmes, C.I-e , 
M A., D SC , M.R.c.v.s. Price, Re. 1 or 1*. 6rf, 

The Vitality of the Haemorrhagic Septicaemia Organ i.sm outside the body, 
by Major J. D. E. Holmes, o.i.e., m a., d sc- Price, Re. lor 1«. 6d, 

Rnrsati, by Major J. D. E. HOLMES, c.I.E,, M.A., d Sc., M.R.c.v.s. Price' 
Re. 1-8 or 2^, 3t<. 

Experiments on the treatment of Surra in Camels, by H. E. CROSS, M R C V S., 
U.Y.H., a. sc. Price, Re. I or 1#. 6rf. 

Anthrax— some experiments on the Immunising Effect of the simultaneous 
injection of an Anthrax Attenuated Virus and an Anthrax Anti-Serum, 
by Major J. D. E. Holmes, c.i.e., m.a-, d.sc., mr.c.v.s. Price, Re. i 
or 1#, 6(f. 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE, PUSA. 

No. 1. Notes on Cotton in Bihar in 1994, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, As. 4 
or 6d. 

No. 2. An Outbreak of Cotton Peats in the Punjab, 1905, by H. M. Lefkoy, m.a,, f.b.s., 
F.z.s. Price, As, 6 or Id. 

No. 3. The Extension of Jute Cultivation in India, by R. S. FiNLOW, B.sc, Price, As. 12 
or Ij, '2d, [Out of print,) 

No. 4. First Report on the Fruit Experiments at Piisa, by A. Howard, M.a., A.B.C.S., 
F.L.8. Price, As. 6 or 6d. 

No 5. Report on Trials of the South African Locust Fungus in India, by E. J, Butler, 
M.E., F.L.S. ; and H. M. Lefroy, m.a., f.e.s., t.z.s. Price, As. 2 or 3d. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. VVarburton, m.a, 
Price, As. 4 or 6d, {Out of print) 

No. 7. A Preliminary Account of the Biting Flies of India, by H. M. Lbfkoy, m.a., f.e.8. 
F.Z.B, Price, Re. 1 or is. 6d. [Out of print.) 



BULLETINS ISSUED BY THE AQRICULTURAL RESEARCH 
INSTITUTE, PUSA— conid. 

No. 8, Official and Recommended Methods for use in Chemical Laboratories of the Depart- 
ments of Agriculture in India, by J, Waltrr Lkathkr, Ph.D., y.I.C. Price, As, I 
or 6d. 

No. 9. Report on Coconut Palm Disease in Travancore, by E. J. Butlkr, m.b., p.l.s. 
Price, As. 6 or 6d. {Out of print,) 

No, 10, Treatment and Observation of Crop Pests on the Piisa Farm, by H. M. Lefroy, m.a., 
F.E.S., F.Z.S.; and C. S. Misra, b.a. Price, As. 6 or 7d. [Out of print ) 

No. 11. On Flax Dodder, by A. Howaru, m.a., a.k.o.s., f.l.S. Price, As. 4 or 6d. [Out 
of print.) 

No, 12. The Makinjf and Care of Lawns in India, by A. Howard, m.a., a.r.c.b., f.l.s. 
Price, As. 4 or 6d. [Out of print.) 

No. 1.8. Sugarcane at the Partabgarh Experimental Station, by O. Cl, ARKE, F.I.C. ; and Khan 
Bahadur S. M. Hadi, m.r.a.C., m.k.a.b. Price, As. G or 6d. 

No. 14. The Milling and Baking Qualitie.s of Indian Wheats, No. 1, by A. Howard, m.a., 
A,R.c.8.. F.t.s. ; and Gabkielle L. C. Howard, m.a. Price, As. 4 or fid. 

No. 15. Note on the Extension of Cultivation of Fibre Plants in India. Price, As. 6 or 8d, 
No. 16. Second Report on the Fruit Experiments at Piisa, by A. Howard, m.a,, a.r.c.s., 
F.L.S. Price, A.s. fi or 8ci. 

No. 17. The Milling and Baking Qualities of Indian Wheats, No. 2. Some new Piisa selections 
tested in 1909, by A. Howard, m.a., a.r.c.s., f.l.s. ; and Gabkielle L. C. 
liOW'ARD, M.A. Price, As. 6 or 8d, 

No. 18. Report on the Outbreak of Blister- Blight on Tea in the Darjeeling District in 1908-09 , 
by W. McRae, m.a., R.Sc, Price, Re, 1 or D. 6d, 

No. 19. lust of Names used in India for Common Insects, compiled in the Laboratory of the 
Imperial Entomologist, Piisa. Price, As, 12 or Is. 2d, 

No. ,20. Memorandum on Indian Wheat for the British Market, by Sir James Wilson, k.c.s i. 
Price, As. 4 or 6d. 

No. 21. Memorandum regarding Leading Eiicalypts suitable for India, by F. Booth - 
Tucker. Price, As. 4 or 5d. [Out of print,) 

No. 22. The Milling and Raking Qualities of Indian Wheats, No. 3. Some new Piisa Hybrids 
tested in 1910, by A. Howard, m.a., a.r.c.s., ; and Gabrielle L, C. Howard, 

Ai.A. Price, As. 7 or 8d. 

No, 23, Insecticides— Mixtures and Recipes for use against Insects in the Field, the Orchard, 
the Garden and the House, by H. M. Lefroy, m.a., f.k.s., f.z.s. Second 
Edition, Revised and Enlarged by T. Bainrrigoe Fletcher, r.n., P.E.S., f.z.b. 
Price, As. 12 or U, 2d, 

Ne. 24. 'Phe Indian Saltpetre Industry, by J. W. Leather, pIi.d., f.i.c. ; and J. N. 
Mdkekji, B.A., B.Sc. Price, As. 8 or9d. 

No. 25. Report on the Flax Experiments conducted at Dooriali during the year 19I0191I, by 

E. M. Vandekerkhove. Price, As. 6 or 7d. 

No. 26. Note on the present Position of Cotton Investigation in India, by Bernard Coventry, 
C.I.E. Price, As. 2 or 3d. 

No. 27. Experiments on the Cultivation of Sugarcane at the Partabgarh Experimental 
Station. 1900—11, by G. Clarke, f.i.o. ; H. E. Annett, b.sc. ; and Syed Zamin 
Hussain, b a. Assisted by S C. Banerji and Naib Hossaix. Price, As. 5 or 6d. 

No. 28, The Cultivation of Lae in the Plains of India, by C. S. Misra, b.a. (Second Edition.) 
Price, As, 8 or 9d. 

No. 29. Directions for the Cultivation of Eri Silk, Revised Edition.) Price, As. 3 or 4d. 

No. .30, Report on the Flax Experiments conducted at Dooriah during the year 1911-12, 
by E. M. Vandekebkhove. Price, As. 1-6 or 2d. 

No. .31. Wheat Experiments on the Botanical Area, Cawnpore, and their bearing on Wheat 
Cultivation in the United Provinces, by H. Martin Leake, m.a. ; and Ramprasad. 
Price, As. 3 or id. 

No. 32, A Note on some interesting results following the internal administration of Arsenic 
in Canker and other diseases of the foot in Horses, by Major J. D. E. Holmes, 
M.A., D.SC., M.R.C.V.8. Price, As. 2 or 3d. 

No^ 33. Some Aspects of the Agricultural Development of Bihar, by A. Howard, m.a., a.r.c.s., 

F. L.S, Price, As. 4 or 5d. 

No. 34. Diseases of Rice, by £. J. Butler, m.b., f.l.s. Price, As. 8 or9d. 

No. .36. Report on the Flax Experiments conducted at Dooriah during the year 1912-1.3, 
by E. M. Vandekerkhove, Price, As. 3 or 4d. 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE, PUSA— cowc/<^. 

No. 36, Note on the M’Fadyean Staining reaction for Anthrax bacilli, by Major J. D. E. 
Hor.MKS, M.A., r>,sc., m.r.c.v.s. Price, As. 4 or 5d. 

No. 37. Notes on Experiments with Sugarcane at Sabcnr, by 0. Somers-TayLOR, b.a. 
Price, As- 2 or 3d. 

No. 38. Disintegration of Kice Grains by means of Alkali, by F. J. Warth, M.sc. ; and 1); R, 
Dakabkett, b.SC. Price, As. 6 or 7d. 

No, 39. ln.Htrnctions for rearing Mulberry Silkworms, by M. N. De. Price, As. 4 or 5(i- 

So 40 Green Manuring Experiment, 1912-13, by C. M. HUTCHINSON, B.a ; and S. MILLIGAN, 
M.A,, B.Kc. Price, Aa. 4 or 5d. 

No. 41. The use of Sweet Jowar (Sorff/inni sp.) as a source of commercial Sugar or as Fodder 
and the variation in Composition of the crop during growth, by H. E. Annktt, 
B.SC.. F.I.e. Price, As. 2 or 3d. 

No. 42. Notes on Cane Crushing in the United Provinces, by G. Clarke, f.i.c. ; Naib 
Huj<sain and S. C. Ranerjee, assisted by Lakshmi Shankar, Price, As. 2 or 3cC 

No 43. A note on the elfect of Heat on the Rinderpest Immune Rodie.s, by Major J- D. E. 
Holmes, u.i.k., m.a,, n.sc., m k.u.v.s. Price, As, 2 or .3d, 

No. 44. Ho\v to Improve Silk-Keeling in Bengal, by M. N. De. Price, As, 4 or 5d. 

No, 4-j. Tbe Acid Secretion of the Gram Plant, by D. L. Sahaskabuddhe, 

B.SC.. L.Ag. Ib'iee, As 2 or 3d. 

No. 46. Bee-Keeping, by C. C. Ghosii, b.a (7jU/i« prm.) 

No. 47. Notes on Sugar Machinery and Manufacture in Northern India, by Peter ABEL. 
Price, As. 5 or 6d 

No. 48, Pirst Report on the Experiments can ied out at Pusa to improve the Midberry Silk 
Industry, compiled under the direction of the Imperial Entomologist by M. N. De. 
(/n press.) 

No. 49. The Experimental Error in Field trials with Sugarcane and the effect on this error 
of various methods of Sampling, by H. E. Annett, b.sc., e.i c. (/« i/ie press.) 

No. W, The Improvement of Tobacco Cultivation in Bihar, by A. Howard, c.i.e., m a. ; 
and Gabbielle L. C. Howaro, m.a. Price, As. 4 or 5d. 

No 51. First Report on the Improvement of Indigo in Bihar by A. Howard, c i.E,, m a., 
and Gabrielle L. C. Howard, m a. (/n fAe press.) 

No. 52. Soil Ventilation by A. Howard, o.i e , m a , and Gabrielle L. C Howard, m a. 
(/?i /Aepress.) 

No- 53. Soil Erosion and Surface Drainage by A: Howard, (:i e., m.a. (/n i7?e pre.s.9 ) 

No. 54 Second Report on the Improvement of Indigo in Bihar by A. Howard, ci.E, m.a., 
and Gabrielle L. C. Howard, m.a. (ItUAe press'). 


BOOKS. 

“ Inilmi. Insect Pests,” by H. M. LeFROY, M.A,, F.K.S., K.7..S. Price, Ke. 1.8. (Ofii o/ 

priii/.) 

“ Indian Insect Life,” by H. M. Lrkuov, m.a., f.e.s., : ami F. M. IIowlett, 

i!.A. 7H6pp. Price, Rs. 20 or 30^. 

“ Wheat in India,” by A. Howard, m.a., a.k.u.s., f.l.s. ; and Gabrielle L. C. 
Howaud, m.a. 288 pp, Price, Rs. 5 or 7s. Gd. 

" A desciiption of the Imperial Bacteriological Laboratory, Muktesar : Its Work and 
Products,” by Major .J. D. E HOLMRs, m.a , n.sc., M.K c.v s Price, As, 8 or Pd. 




